With the expected increase in warmer conditions caused by climate change, heat-related illnesses are becoming a more pressing issue. One way that humans can protect themselves from this is to seek shade. The design of urban spaces can provide individuals with a variety of ways to obtain this shade. The objective of this study was to perform a detailed evaluation and comparison of three shading strategies that could be used in an urban environment: shade from a building, from a tree, and from an umbrella. This was done through using field measurements to calculate the impact of each strategy on a thermal comfort index (Comfort Formula (COMFA)) in two urban settings during sunny days of the summer of 2013 and 2014 in London, Canada. Building shade was found to be the most effective cooling strategy, followed by the tree strategy and the umbrella strategy. As expected, the main determinant of this ranking was a strategy's ability to block incoming shortwave radiation. Further analysis indicated that changes in the convective loss of energy and in longwave radiation absorption had a smaller impact that caused variations in the strategy effectiveness between settings. This suggests that under non-sunny days, these rankings could change.
Introduction
Studies have shown that prolonged exposure to hot conditions can have a negative impact on human health. Humans, like all warm-blooded animals, must maintain their core temperature within a fairly narrow range for their bodies to function optimally. Exposure to extended periods of heat can cause the core temperature to rise, resulting in a decrease of thermal comfort and the onset of a variety of ailments such as the exacerbation of pre-existing respiratory issues, heat stroke, and, in the most serious circumstances, death [1] . Instances of this phenomenon include the 1995 heat wave in Chicago, which played a part in up to 700 deaths [2] , and the 2003 heat wave in France, which is estimated to have caused 3096 deaths [3] .
With the expected increase in hot conditions due to climate change, the occurrence of heat-related illnesses will become more common. This is especially true for those living in cities as urban residents are exposed to locally warmer conditions due to the urban heat island effect (UHI). The UHI is a phenomenon where the temperature in an urban environment is higher than its rural surroundings due to the materials that it is made of, as well as human activities. In addition, the number of people living in urban areas is increasing [4] , thus exposing more people to hotter conditions and increasing the risk.
There are many different ways to address this issue and help populations adapt to these hotter conditions. One way is through the design of urban spaces. Many studies have found that city design and the presence of certain urban forms can, during times of extreme heat, cool an area and increase the
Materials and Methods

Location and Measurement Times
Evaluation of the shading strategies took place on the campus of the University of Western Ontario (UWO) in London, Ontario, Canada. Two common settings found in an urban environment are the downtown core and the residential area. The downtown environment usually contains a high aspect ratio and impervious surface fraction while a residential setting can be characterized by a lower aspect ratio and lower impervious surface fraction [20] . Thus, two sites at UWO were chosen that were representative of these two settings. The location chosen for the downtown core was in an area surrounded by three tall buildings (each building had at least 4 floors) with the majority of the surface consisting of concrete ( Figure 1 ). The residential location was found in a courtyard of a building with a low aspect ratio and a larger portion of the surface containing vegetation (Figure 2 ).
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Atmosphere 2018, 9, 91 4 of 18 For both settings, "reference" and "strategy" sites were established to allow comparison of the strategies; a cooling strategy was used at each strategy site, while no cooling strategy was used at the reference site. Testing of the strategies involved comparing the measurements made from the strategy site with those of the reference site. The reference site was chosen to represent a location where heat absorption by a person was expected to be high and, thus, implementation of the cooling strategy would be important. Measurements took place between August 2013 to early October 2013 and August 2014 to September 2014. They were made during relatively clear, sunny days between 10:00 to 17:00 when heating was greatest and when use of a strategy would be most relevant to human heat stress; the exact measurement period depended on the conditions on that day. Measurements were made every 5 min. In total, three replicates were done for each of the strategies at each of the settings.
Heat Index
To evaluate the effectiveness of the shading strategies, the COMFA (Comfort Formula) model, a heat index based on the human energy budget, was used. The reason why this index was chosen, as opposed to other indicators such as PET or UTCI (Universal Thermal Climate Index), was because the authors already had detailed experience with its use. In addition, COMFA has been shown to effectively quantify the thermal comfort of an individual as well as quantify the impact of differences in the surrounding environment on the thermal comfort. It has been used in many studies to perform such a task [18, [21] [22] [23] .
Budget values of COMFA (Equation (1) [24] ) were calculated at the reference and strategy site and then compared. In Equation (1), R RT and M are inputs to the human energy budget, while C, E (due to wind flow past an individual), and L are outputs.
The COMFA Budget value is equivalent to the storage heat value of the human energy budget. Hereafter the COMFA Budget value will be referred to as the "COMFA value". To calculate the COMFA value, the methods and equations found in [25, 26] were used to determine the values for M, C, E, and L. It should be noted that to determine L, the surface temperature of an individual was needed; this was calculated as the heat flow from the skin surface to the surroundings. For R RT , the cylindrical radiation thermometer (CRT) absorbed radiation method described in [27] was used. To calculate all of these COMFA components, measurements of wind speed, air temperature, vapor pressure, and atmospheric pressure were needed. Table 1 shows which of these measured variables were used to calculate the various components of Equation (1) .
To obtain these values, each measurement site was instrumented with a 2-dimensional sonic anemometer (Model 425, Vaisala, Sunnyvale, United States or Model, 85000, RM Young Company, Traverse City, MI, United States), a temperature and humidity probe (Model HC2-S3-L, Rotronic, Hauppauge, NY, United States), and a custom-built cylindrical radiation thermometer (CRT). During the residential site measurements in 2014, the Vaisala sonic anemometer failed and was replaced by a cup anemometer (Model 014a, Met One, Grants Pass, OR, United States). The temperature and humidity probes were shielded using a 10-plate solar radiation shield (Model 41003-X, RM Young, Traverse City, MI, United States). The CRT was built by inserting a Fenwall thermistor into a copper cylinder, measuring 10 mm in diameter and 100 mm in length. The cylinder was then filled with Omegabond 101 Two Part Epoxy: High Thermal Conductivity and was painted dark green (albedo = 0.11) using acrylic paint. Atmospheric pressure values were obtained from Environment Canada weather station observations made at the London International Airport [28] . In addition, while not necessary for the COMFA values, a net radiometer (Model CNR1, Kipp & Zonen, Delft, The Netherlands) was set up at each of the measurement sites. These measurements were used to aid the analysis. This net radiometer contains a pyranometer (which measures incoming shortwave radiation) and a pyrgeometer (which measures incoming longwave radiation) on the top (facing the sky) and bottom (facing the ground) of the instrument. Values obtained from the top pyranometer and pyrgeometer were termed k in and L in , respectively, and the values obtained from the bottom pyranometer and pyrgeometer were termed k out and L out . Thus, k in and L in represent the radiation received from anything above the net radiometer (mainly the sky and buildings), while k out and L out represent the radiation received from anything below the net radiometer (mainly the ground). All equipment was situated at approximately 1.5 m above the ground-a height that is representative of the conditions that an individual experiences [29] . To reduce the impacts of instrument bias, the instruments were alternated between the reference and strategy site between replicates for each strategy. Finally, for the COMFA calculation it was assumed that 1.
The vapor pressure of the skin was at saturation; this is a viable assumption since during the conditions that the field measurements were taking place in, it is likely that an individual would be sweating; 2.
The individual is standing and in a relaxed position, which corresponds to a metabolic intensity of 120 W m −2 [30] ; 3.
The individual is wearing a cotton T-shirt and shorts, which have a convective resistance of 62 s m −1 and a vapor resistance of 169 s m −1 [31] .
Shading Types
The three shading types that were used in this study are described in the following three subsections.
Building Shade (or the Building Strategy)
In this strategy, the shade was provided by a large, opaque building. The exact locations of the reference and strategy sites are found in Figures 1 and 2 . For the residential setting, the strategy site was found in the shadow of a wall. For the downtown site, the strategy site was found under a small overhang from a building. In both cases all direct shortwave radiation is being blocked so that only diffuse shortwave radiation is reaching the site.
The sky view factor is the proportion of the sky seen from a given point on a horizontal surface. This factor is important as, during the day, as the sky view factor increases, so does the amount of shortwave radiation absorbed. The sky view factor can be approximated from a hemispherical photo facing up; these photos will be henceforth termed "hemispherical up photos" for the remainder of this document. The hemispherical up photos taken at a height of 1.5 m at all of the strategy sites and the reference site for both settings as well as approximate sky view factors are shown in Figure 3 . 
Umbrella Shade (or the Umbrella Strategy)
During the summer months, many individuals can use personal or fixed (e.g., found above outdoor tables) umbrellas to shade themselves. This was the second shading strategy tested. The umbrella is less opaque than the building, so the character of the shade differs; the main impact is that an individual will absorb more diffuse shortwave radiation under an umbrella than when shaded by a building. The hemisphere up photos of this strategy are located in Figure 3 . 
During the summer months, many individuals can use personal or fixed (e.g., found above outdoor tables) umbrellas to shade themselves. This was the second shading strategy tested. The umbrella is less opaque than the building, so the character of the shade differs; the main impact is that an individual will absorb more diffuse shortwave radiation under an umbrella than when shaded by a building. The hemisphere up photos of this strategy are located in Figure 3 .
For this study, the shade was provided by a dark red umbrella (with an albedo of approximately 0.30) that is located 40-45 cm above the net radiometer and CRT, 35-40 cm from these instruments horizontally, and at a 35 degree angle (see Figure 4 ). The strategy site was situated near the reference site for both settings (Figures 1 and 2 ). In addition, the anemometer for the reference site was placed slightly higher than normal at a height of 1.7-1.8 m. This was done because the use of the umbrellas would have affected wind measurements if the anemometer was placed at their usual height. slightly higher than normal at a height of 1.7-1.8 m. This was done because the use of the umbrellas would have affected wind measurements if the anemometer was placed at their usual height.
The albedo of the umbrella as well as the green paint used on the CRT was determined through the use of a CNR1 net radiometer (Kipp & Zonen, Delft, The Netherlands). The net radiometer was placed 15 cm above and in the middle of either a piece of cardboard painted with the green paint or some material that made up the umbrella; in each case the view factor was 1.
Data was collected for 30 min; 5 min averages were taken and then averaged to obtain the final albedo value. Albedo measurements made at a height of 15 cm have an approximate error of 5% [33] . Given this finding and that the albedo values were only used for descriptive purposes in this study, this error was deemed acceptable. 
Tree Shade (or the Tree Strategy)
The final strategy used was the cooling effectiveness of tree shade. Unlike a building and umbrella, a tree canopy permits some direct solar radiation to pass through; thus, the total solar radiation on a person in the shade of a tree will include both direct and diffuse radiation. At the same time, the shade provided by the trees can be more opaque in places as compared to that of an umbrella. For the downtown site, three smaller trees (Malus species unknown) were used to provide the shade, while for the residential site there was one large tree (Juniperus virginiana). The setup at both settings can be found in Figures 1 and 2. 
Data Analysis
Data analysis was restricted to times when the reference site was exposed to direct sunlight and the strategy site would have been exposed to direct sunlight if not for the use of the strategy. Analysis was further restricted to times when the COMFA value of the reference site exceeded 200 W m −2 as these best represent "hot" conditions [25] when the cooling strategies would most likely be used by individuals. The full classification of COMFA values and their description can be found in Table 2 [25] ; these values are based on work done by [34] . Data were filtered to remove any measurements The albedo of the umbrella as well as the green paint used on the CRT was determined through the use of a CNR1 net radiometer (Kipp & Zonen, Delft, The Netherlands). The net radiometer was placed 15 cm above and in the middle of either a piece of cardboard painted with the green paint or some material that made up the umbrella; in each case the view factor was 1.
Data was collected for 30 min; 5 min averages were taken and then averaged to obtain the final albedo value. Albedo measurements made at a height of 15 cm have an approximate error of 5% [33] . Given this finding and that the albedo values were only used for descriptive purposes in this study, this error was deemed acceptable.
Tree Shade (or the Tree Strategy)
Data Analysis
Data analysis was restricted to times when the reference site was exposed to direct sunlight and the strategy site would have been exposed to direct sunlight if not for the use of the strategy. Analysis was further restricted to times when the COMFA value of the reference site exceeded 200 W m −2 as these best represent "hot" conditions [25] when the cooling strategies would most likely be used by individuals. The full classification of COMFA values and their description can be found in Table 2 [25] ; these values are based on work done by [34] . Data were filtered to remove any measurements representing anomalous conditions, e.g., wind shifting the position of the umbrella. Finally, only times when valid data were recorded from both the strategy and reference sites were used in the analysis; this ensured equal numbers of data points for the strategy and reference site for each measurement period. All data management and analysis (including the running of relevant statistical tests) were performed in Matlab R2012a (Mathworks, Natick, MA, United States). Unless otherwise stated, for all statistical tests, statistical significance (α) was set at a value of 0.05. 
Results and Discussion
To give a general idea of the air temperature and k in during the analysis period, Figure 5 shows the values of these two variables for a typical day at the reference site. As can be seen, there was a slight increase in temperature throughout the day, with a peak at around 1400. For the k in values, they remained relatively consistent, through there was a fair amount of variation. This variation was likely caused by changes in the surrounding environment (such as the temporary presence of partial cloud cover).
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Results and Discussion
To give a general idea of the air temperature and kin during the analysis period, Figure 5 shows the values of these two variables for a typical day at the reference site. As can be seen, there was a slight increase in temperature throughout the day, with a peak at around 1400. For the kin values, they remained relatively consistent, through there was a fair amount of variation. This variation was likely caused by changes in the surrounding environment (such as the temporary presence of partial cloud cover). Analysis of the COMFA values will now be presented in order to evaluate and compare the shading strategies. For this analysis, the term "strategy-setting" will be used to indicate the application of one of the shading strategies in one of the settings. For instance, "building-downtown" refers to the building strategy being used at the downtown setting.
Strategy Effectiveness
A Wilcoxon Rank Sum test determined that each of the strategy-settings caused a statistically significant decrease in the median COMFA value. This indicates that, under conditions similar to what was found in this study, urban spaces which incorporate any of these strategies should provide Analysis of the COMFA values will now be presented in order to evaluate and compare the shading strategies. For this analysis, the term "strategy-setting" will be used to indicate the application of one of the shading strategies in one of the settings. For instance, "building-downtown" refers to the building strategy being used at the downtown setting.
A Wilcoxon Rank Sum test determined that each of the strategy-settings caused a statistically significant decrease in the median COMFA value. This indicates that, under conditions similar to what was found in this study, urban spaces which incorporate any of these strategies should provide significant cooling. These results are not that surprising; as stated previously, it has been found that the mean radiant temperature is the main factor in determining the thermal comfort of an individual [8] . More specifically, studies have found that the shade provided by buildings and other structures found in urban settings such as courtyards can provide significant cooling [7, 17, 19] . Vegetation has also been found to have a strong cooling effect [13, 18, [35] [36] [37] .
In order to compare the impact of the strategies, the variable being analyzed (such as the COMFA value) needed to be normalized. Thus, the strategy value of the variables was divided by its corresponding reference value. This ratio is termed the "X ratio", where X is the variable being studied (for example, "COMFA ratio").
The COMFA ratio can be used to determine how effective a shade strategy is (a lower value indicates a strategy that is more effective). Using the COMFA ratios from each strategy-setting, a Kruskal-Wallis test determined that at least one of these ratios differed from the rest (median ratio values can be found in Table 3 ), indicating that the cooling caused by each of the strategy-settings was not equal. A series of 2-sample Wilcoxon Rank sum tests were then used to compare the strategy-setting COMFA ratios; the Holm-Bonferroni method was used to control for Type 1 error. In brief, in a multicomparison scenario, the Holm-Bonferroni method ensures that the correct familywise significance level is maintained by adjusting the significance level of the individual comparisons; this adjustment depends on the number and ordering of the comparisons. Overall it was found that all median values differed significantly from each other at a familywise significance level of 0.05. When lowering the significance level to 0.01, the only median values that did not differ significantly were between the tree-residential and umbrella-residential strategies (with a p-value of 0.0169). Taking into account the ordering of the median values shown in Table 3 , this indicates that, on a general basis, the building strategy was the most effective at decreasing the COMFA value since, regardless of setting, this strategy had the lowest median COMFA ratio value. The tree strategy was the next most effective and finally the umbrella strategy. This ordering was not surprising; the building strategy blocks out all of the incoming direct shortwave radiation, while both the tree and umbrella strategies only provide partial shade. Table 3 . Median COMFA ratio values for each of the strategy-settings; the strategy-settings are listed from most effective (lowest ratio) to least effective.
Strategy-Setting Median
Building To delve deeper into how each of these strategies affected the human energy budget, an analysis of the various components was undertaken. For this study, the three components that could have been influenced by outside conditions were the latent heat flux, the sensible heat flux, and the absorbed radiation. Figure 6 shows the median ratio for each of these components for each strategy. Absorbed radiation is considered a supplier of energy to the energy budget, while the sensible and latent heat fluxes are considered consumers. Thus, for absorbed radiation, a lower ratio indicates more "cooling", but for the sensible and latent heat flux a higher ratio indicates more "cooling".
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Figure 6.
Median ratio values of the various components of the energy budget caused by a strategy. For the identification of the columns, "d" is the downtown setting, "r" is the residential setting, "b" is the building shade strategy, "t" is the tree shade strategy, and "u" is the umbrella shade strategy.
Impact on the Latent and Sensible Heat Flux
As can be seen in Figure 6 , use of any of the shading strategies in either setting caused very little change in the latent heat flux (all ratios were close to a value of 1). The main driver for the latent heat flux is the difference between the vapor pressure of the skin surface and the vapor pressure of the air. None of the strategies used had a direct impact on the atmospheric vapor pressure. Use of a strategy could have an impact on the skin vapor pressure (through changing the skin temperature), but, evidently, this impact was minimal.
For the sensible heat flux, convective heat loss was greater in the residential setting for all three strategies. The cause for this was likely the higher relative wind speeds found in the residential setting ( Figure 7) ; these changes in wind speeds may be related to microscale differences in the orientation of the buildings and/or of the objects between the two settings. For example, lower wind speeds in the downtown setting of the umbrella strategy could be caused by the fact that the orientation of the buildings funneled the wind in a specific direction that allowed the umbrella to block more of the wind as compared to the residential setting. However, the main thing to note is that the ordering of how effective a strategy-setting was at losing heat through the sensible heat flux differed from the ordering of its overall effectiveness ( Figure 6 , Table 3 ). For the identification of the columns, "d" is the downtown setting, "r" is the residential setting, "b" is the building shade strategy, "t" is the tree shade strategy, and "u" is the umbrella shade strategy.
For the sensible heat flux, convective heat loss was greater in the residential setting for all three strategies. The cause for this was likely the higher relative wind speeds found in the residential setting ( Figure 7) ; these changes in wind speeds may be related to microscale differences in the orientation of the buildings and/or of the objects between the two settings. For example, lower wind speeds in the downtown setting of the umbrella strategy could be caused by the fact that the orientation of the buildings funneled the wind in a specific direction that allowed the umbrella to block more of the wind as compared to the residential setting. However, the main thing to note is that the ordering of how effective a strategy-setting was at losing heat through the sensible heat flux differed from the ordering of its overall effectiveness ( Figure 6, Table 3 ).
Impact on Absorbed Radiation
In contrast, the ranking of a strategy-setting's impact on the absorbed radiation follows the pattern seen in the overall effectiveness of the shading strategy ( Figure 6 , Table 3 ). In both cases the building strategy was the most effective, followed by the tree and then the umbrella strategy. In addition, within each strategy, the relative positions of the residential and downtown settings are the same between the absorbed radiation and the overall effectiveness rankings. For instance, in both cases, the downtown site for the building strategy had a lower ratio. This expected close association arose because the strategies had a much larger impact on the absorbed radiation as compared to the other energy budget components. The median decrease in the absorbed radiation caused by all strategies was approximately 139 W m −2 , while the median absolute value change in the sensible heat flux caused by all strategies was only approximately 6 W m −2 . Figure 8 shows the median decrease for absorbed radiation, sensible heat flux, and latent heat flux for the building strategy in the residential setting during the measurement period; the relative positions of these three variables at all the other strategy-settings were similar. As we can see, the much larger difference values for the absorbed radiation were consistent throughout the day. It should also be noted that the variation is greater in the absorbed radiation as compared to the other two variables. This is likely because of changes in the surrounding environment caused by such factors as thin intermittent cloudiness.
None of the strategies used had a direct impact on the atmospheric vapor pressure. Use of a strategy could have an impact on the skin vapor pressure (through changing the skin temperature), but, evidently, this impact was minimal.
For the sensible heat flux, convective heat loss was greater in the residential setting for all three strategies. The cause for this was likely the higher relative wind speeds found in the residential setting ( Figure 7) ; these changes in wind speeds may be related to microscale differences in the orientation of the buildings and/or of the objects between the two settings. For example, lower wind speeds in the downtown setting of the umbrella strategy could be caused by the fact that the orientation of the buildings funneled the wind in a specific direction that allowed the umbrella to block more of the wind as compared to the residential setting. However, the main thing to note is that the ordering of how effective a strategy-setting was at losing heat through the sensible heat flux differed from the ordering of its overall effectiveness ( Figure 6 , Table 3 ).
Figure 7.
Median ratio values in the wind speed for the building, tree, and umbrella strategies.
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Impact on Absorbed Radiation
In contrast, the ranking of a strategy-setting's impact on the absorbed radiation follows the pattern seen in the overall effectiveness of the shading strategy ( Figure 6, Table 3 ). In both cases the building strategy was the most effective, followed by the tree and then the umbrella strategy. In addition, within each strategy, the relative positions of the residential and downtown settings are the same between the absorbed radiation and the overall effectiveness rankings. For instance, in both cases, the downtown site for the building strategy had a lower ratio. This expected close association arose because the strategies had a much larger impact on the absorbed radiation as compared to the other energy budget components. The median decrease in the absorbed radiation caused by all strategies was approximately 139 W m −2 , while the median absolute value change in the sensible heat flux caused by all strategies was only approximately 6 W m −2 . Figure 8 shows the median decrease for absorbed radiation, sensible heat flux, and latent heat flux for the building strategy in the residential setting during the measurement period; the relative positions of these three variables at all the other strategy-settings were similar. As we can see, the much larger difference values for the absorbed radiation were consistent throughout the day. It should also be noted that the variation is greater in the absorbed radiation as compared to the other two variables. This is likely because of changes in the surrounding environment caused by such factors as thin intermittent cloudiness. To reinforce the importance of the absorbed radiation term, the COMFA values were recalculated with all of the wind speeds at the reference site set to 1 m s −1 and the wind speeds at the strategy site set to 0.5 m s −1 and then 1.5 m s −1 (Table 4) . A comparison of Table 4 with Table 3 shows that there was very little change in the ranking of the cooling efficiencies of the strategies. The only difference was that when the wind speed at the strategy site was set to 0.5 m s −1 , the umbrellaresidential strategy was more effective than the tree-residential strategy. As mentioned previously, the only difference between two median values that was not significant at the 0.01 significance level was between these two strategies. While admittedly this nonsignificance was small, the difference between the two median values may have been large enough that changing the wind speeds caused the rankings of the two strategies to flip. This finding reinforces the notion of the importance of shortwave radiation in determining the effectiveness of a shading strategy. To reinforce the importance of the absorbed radiation term, the COMFA values were recalculated with all of the wind speeds at the reference site set to 1 m s −1 and the wind speeds at the strategy site set to 0.5 m s −1 and then 1.5 m s −1 (Table 4) . A comparison of Table 4 with Table 3 shows that there was very little change in the ranking of the cooling efficiencies of the strategies. The only difference was that when the wind speed at the strategy site was set to 0.5 m s −1 , the umbrella-residential strategy was more effective than the tree-residential strategy. As mentioned previously, the only difference between two median values that was not significant at the 0.01 significance level was between these two strategies. While admittedly this nonsignificance was small, the difference between the two median values may have been large enough that changing the wind speeds caused the rankings of the two strategies to flip. This finding reinforces the notion of the importance of shortwave radiation in determining the effectiveness of a shading strategy. 
Measurements of Radiation Budget Components
Given the importance of absorbed radiation (particularly shortwave), analysis of the values obtained from the net radiometer may offer some additional insights. While the measurements from the net radiometer were not exactly the same as the amount of radiation that was absorbed by the CRT, because the radiometer sensors were oriented parallel to the ground, they do provide an indication of the amount of incoming longwave and shortwave radiation at the sites. 
Given the importance of absorbed radiation (particularly shortwave), analysis of the values obtained from the net radiometer may offer some additional insights. While the measurements from the net radiometer were not exactly the same as the amount of radiation that was absorbed by the CRT, because the radiometer sensors were oriented parallel to the ground, they do provide an indication of the amount of incoming longwave and shortwave radiation at the sites. Median ratio values of the total incoming radiation measured by the net radiometer for each strategy. For the identification of the columns, "d" is the downtown setting, "r" is the residential setting, "b" is the building shade strategy, "t" is the tree shade strategy, and "u" is the umbrella shade strategy; (b) Median ratio values in the various components measured by a net radiometer for each strategy. For the x-axis, "k" refers to incoming shortwave radiation, "L" refers to incoming longwave radiation, "in" refers to measurements made from the upward-facing sensor, "out" refers to measurements made from the downward-facing sensor.
Figure 9. (a)
Median ratio values of the total incoming radiation measured by the net radiometer for each strategy. For the identification of the columns, "d" is the downtown setting, "r" is the residential setting, "b" is the building shade strategy, "t" is the tree shade strategy, and "u" is the umbrella shade strategy; (b) Median ratio values in the various components measured by a net radiometer for each strategy. For the x-axis, "k" refers to incoming shortwave radiation, "L" refers to incoming longwave radiation, "in" refers to measurements made from the upward-facing sensor, "out" refers to measurements made from the downward-facing sensor.
The trend for the ratios of the total incoming radiation (the sum of the four values measured by the net radiometer) follows what is seen in the overall effectiveness of the shading strategies; that is, the ratios were lowest for the building strategy, then the tree, and finally the umbrella (Figure 9a , Table 3 ). Taking a closer look at the individual components measured by the net radiometer, many of these values also follow what is seen in the overall effectiveness (Figure 9b, Table 3 ). For instance, for k in , the ratio values were lowest for the building strategy, followed by the tree, and then the umbrella strategy. This makes sense as in this study k in mainly consists of incoming direct shortwave radiation (or sunlight).
However, there are also some deviations between the trends seen in the overall effectiveness and the individual radiation components. One is how the L in value for the building-downtown strategy is similar to the tree-downtown value. This is likely due to the fact that the building-downtown strategy site had a slight overhang over it, increasing the amount of incoming longwave radiation.
A major deviation to note is how k in for the downtown-tree strategy is slightly higher than the residential-tree strategy even though the downtown-tree strategy is more effective. The higher k in value for the tree-downtown strategy was potentially caused by the fact that the shading in this setting was provided by three small trees. In contrast, shade in the residential setting was provided by one larger tree; this resulted in more shade (Figure 3 ), which would have caused a lower k in value. The reason why the tree-downtown strategy was still more effective was because the other components of absorbed radiation (k out , L in , and L out ) had a higher value at the residential setting and, therefore, they were able to "counteract" the influence of k in on the overall effectiveness (Figure 9b ). Similar to k in , the trends seen in these three components can also be explained by the fact that only one tree was used in the tree-residential strategy. First, the greater shade provided by the tree in the residential setting would have resulted in more incoming longwave radiation and a higher L in ratio. Second, since there was only one tree present at the residential site, less of the surrounding ground outside the main measurement site was shaded. This would mean that more shortwave would be reflected from the ground, hence the higher k out ratio value. Finally, since more of the shortwave radiation was hitting the surrounding ground, the ground temperature should be slightly higher, resulting in a higher L out ratio value.
Overall, these results still support the notion that it is the ability of a shading strategy to block out incoming sunlight that has the greatest impact on its effectiveness. However, they also indicate that other components of the absorbed radiation can play an important role.
Impact of Vegetation
Something to highlight among the results is how the vegetation strategy was less effective than the building strategy. These results contrast with other studies that have found that shade from a tree and shade from a built structure provided similar benefits to the thermal comfort of an individual [5, 38] . Along similar lines, many studies have established that the planting of trees and establishment of parks is a very effective way to cool an area and an individual [13, 18, 35, 36, 39] . For instance, in the urban canyons of Athens, Greece, increasing the tree coverage from 7.8% to 50% decreased the noon PET by 8.2 • C [36] . The cooling effect of vegetation is attributed to a variety of reasons, including its higher albedo compared with many urban surfaces [40] , its ability to evapotranspire [40] , and its shading ability [18, 36] . Due to these multiple routes of cooling, one would expect a vegetation-based cooling strategy to be more effective than what was seen in this study.
The most likely reason why this high level of effectiveness was not seen is because of the low number of trees present in the tree strategy. In all of the previously mentioned studies, the vegetation consisted of a park or large grouping of trees. In this study, the tree strategy consisted of a single tree in the residential setting and three trees in the downtown setting. Thus, from a conceptual basis, this makes sense since fewer trees will mean less cooling due to evapotranspiration, albedo, and shading. The lack of shading in the tree-downtown strategy is seen in Figures 6 and 9b , where both its absorbed radiation and the shortwave radiation ratios were higher than those of the building strategy. Studies have found that in vegetated areas, a decrease in sky view factor (caused by a denser tree canopy) increases thermal comfort [41] [42] [43] . However, it should be noted that this relationship is not continuous, as it has been found that at one point an increase in the number of trees will cause a decrease in thermal comfort due to the trees blocking the wind [42, 44] .
Differences between Settings
Looking at the effectiveness of the strategy-settings (Table 3) , another element that emerged was the minor changes that occurred in strategy ranking between the two settings. Both the building and vegetation strategies were more effective in the downtown site compared with in the residential one. However, for the umbrella strategy this was reversed, with the strategy at the residential site more effective.
Focusing on the building strategy, the main reason why the downtown site was more effective was because of its ability to prevent radiation absorption (Figure 6 ), specifically k in and k out (Figure 9b ). This was likely caused by the "more complete" shading in the downtown setting, as the strategy site was found under a slight overhang of a building. Moving onto the tree strategy, we see that the strategy in the downtown setting was also better at diverting radiation absorption than the residential setting, which explains its increased effectiveness ( Figure 6 ). As stated previously, this was not due to a lower k in ratio value, but due to the lower k out ratio value as well as lower ratio values for both longwave radiation components (Figure 9b ). Finally, for the umbrella strategy the residential setting was more effective because of its slightly lower radiation absorption ratio and a much higher sensible heat ratio ( Figure 6 ). As stated earlier, the reason for the higher sensible heat ratio is because of the higher wind speeds experienced for the strategy in the residential setting ( Figure 7) .
These results indicate how components of the energy budget other than shortwave radiation can have an impact on a strategy's effectiveness. This was not surprising as other studies have noted that elements such as wind speed and absorbed longwave radiation can have an impact on thermal comfort [45] [46] [47] . One of the potential implications of these results is that under conditions in which the absorbed shortwave is lower (such as in hot and humid conditions with cloudy skies), the ordering of the effectiveness of these strategies could change.
Urban Planning and Future Research
In general, urban planners have not taken into account the thermal comfort implications of the design of a city [10] . Given the expected increase in hot conditions caused by climate change, this will likely change. The urban planning implications of this study indicate that providing adequate shade is one strategy that can be used to address this issue. This shading could be in the form of more parks in a city or a greater number of umbrellas and awnings on buildings. This finding is not entirely new, but it reinforces what has been stated in previous studies. Another implication of this study is that while prevention of shortwave radiation absorption is the main factor in increasing thermal comfort, other factors (such as wind speed and longwave radiation absorption) can play a role. This is particularly relevant as it indicates that in conditions when shortwave radiation is low, incorporation of strategies focused on other variables may be needed. A future area of research would be to determine what the exact conditions are that necessitate a certain type of strategy. Related to this, another future area of study is to run a similar in-depth analysis but in a greater variety of settings and configurations than were used in this study. For instance, as touched upon in Section 3.5, the results from the vegetation strategy were influenced by the fact that relatively few trees were used in this study. Given that incorporation of parks is a common strategy in urban planning, analysis of the shading strategy with multiple trees would be useful. Another idea would be to analyze a greater variety of building configurations as it is known that this can influence wind speed and, thus, sensible and latent heat fluxes.
If the finding of the building strategy being the most effective was taken to its logical conclusion, it would indicate that cities should be designed in a way to have deeper urban canyons and, hence, higher density. A future area of research could be to explore in more detail the impact of building cities in this manner. There have been studies that have found that individuals were more thermally comfortable in urban areas with deeper canyons [48] . Similarly, a study of Gothenberg, Sweden, determined that, under clear and warm weather conditions, individuals would be more thermally comfortable in the denser areas of the city [10] . In contrast, it has also been found that an increase in density tends to increase the temperature of the area [49] . This is likely attributed to the fact that in denser areas, there are more built surfaces. Thus, more heat is being stored [50], increasing temperature, particularly at night. In addition, deeper urban canyons tend to decrease wind speed [51] , which can also have a large impact on the thermal comfort [9, 44] through its influence on convective fluxes.
Conclusions
This study found that obtaining shade from an umbrella, tree, and building all provided a significant amount of cooling. More specifically, as shown in Tables 3 and 4 , the building shading strategy was the most effective, followed by the tree shading strategy, and finally the umbrella shading strategy.
Analyzing the impact of each of the strategies on the human energy budget, it was found that the main determinant of this ranking was the strategy's ability to prevent absorption of shortwave radiation, as indicated in Figures 8 and 9 . This was expected-because the measurements were made during sunny conditions, shortwave radiation was the main supplier of energy. However, this study also found that other components of the human energy budget (such as the sensible heat flux or longwave radiation absorption) can also have a noticeable impact on the effectiveness of a strategy. This finding suggests that under conditions where the amount of absorbed solar radiation is lessened, the effectiveness rankings may change.
The results of this study can contribute to the discussion of how urban space design can be used to help populations adapt to the hotter conditions caused by climate change. Many studies have found that the design of urban spaces can have a significant impact on the thermal comfort of individuals [7, 38] . Future research in this area could focus on evaluating shading strategies in a greater variety of conditions and investigating the full implications of incorporating certain strategies in an urban environment.
